The chemical composition of the oil extracted from the seeds of Nephelium lappaceum L., commonly known as rambutan, has been investigated. The oil from this plant, similar to other members of the Sapindaceae, typically contained triglycerides (83%) and cyanolipids (17%). The latter consisted of type III cyanolipids, 1-cyano-2-hydroxymethylprop-1-en-3-ol diesters. Structural investigation of the oil components was carried out using chemical, chromatographic and spectroscopic methods. Oleic and arachidic acids were the two dominant esterified fatty acyl chains in both triglycerides and cyanolipids. Eicosenoic acids (cis-vaccenic and paullinic acid) were present in higher amounts in the cyanolipid fraction of the oil.
N. lappaceum belongs to the Sapindaceae family, which is characterized by seeds producing oils often containing an unusual class of lipids, the cyanolipids (CL), together with the more common acylglycerols (AG). Four types of CL [2] [3] [4] [5] have been isolated from Sapindaceae plants, with fatty acids esterified to either a mono-or a di-hydroxynitrile moiety. They are: type I, 1-cyano-2-hydroxymethylprop-2-en-1-oldiester; type II, 1-cyano-2-methylprop-1-en-3-olester; type III, 1-cyano-2-hydroxymethylprop-1-en-3ol-diester; and type IV, 1-cyano-2-methylprop-2-en-1-ol-ester. CL of types I and IV are cyanogenic.
In the present paper we report the results from the isolation and identification of the acylglycerol and cyanolipid fractions from the seed oil of N. lappaceum. To the best of our knowledge, only investigations of the total content of fatty acids (from AG and CL altogether) in the seed oil of this plant have been previously reported [6] [7] [8] . Chemical data on the nature and esterification pattern of the acylglycerol constituents from the oil of N. lappaceum are reported here for the first time. Moreover, CL characterization is also described as a further improvement to earlier findings.
Lipids extracted from the seeds of rambutan were first analyzed by TLC. Elution in benzene revealed the presence of two products migrating at R f 0.48 (AG) and 0.40 (CL). TLC elution in n-hexane:EtOAc (9:1,v:v) confirmed the presence of only two components, but separation was better achieved in this latter elution system (AG, R f 0.57; CL, R f 0.31). Comparison with TLC data from previous studies [3, 5] suggested that CL of either type III or IV should be present as constituents of this extract.
Purification of the oil (167 mg) by CC led to the separation of two lipid fractions, AG and CL, which amounted to 83 and 17 % of the total, respectively. IR spectra of the AG components showed absorption bands consistent with previously published data [4, 9] , that is maxima were found at 3005 (C-H olefins), 2923 and 2852 (aliphatic C-H stretching), 1747 (C=O stretching), 1464 (aliphatic C-H bending), 1163 (C-O stretching), 759 and 722 cm -1 .
The 1 H and 13 C spectral data related to the αand βcarbons of glycerol indicated that the AG fraction consisted of triglycerides, that is with 1 H NMR signals at δ 4.13 (dd, glycerol α-CH 2 ), δ 4.28 (dd, glycerol α-CH 2 ) and δ 5.24 (m, glycerol β-CH); and 13 C NMR signals at δ 62.31 (glycerol α-carbon atoms) and δ 69.08 (glycerol β-carbon atom). The two signals at δ 173.52 (C1 β-chains) and at δ 173.08 (C1 α-chains) further supported the proposition that the isolated AG were triglycerides [4, 5, 10, 11] . The olefin region of the 13 C NMR spectrum allowed identification of the major unsaturated esterified fatty acyl chains as oleic (δ 130.24, C10; δ 129.90, C9), and cis-11-eicosenoic/cis-vaccenic (δ 130.15, C12; δ 130.04, C11) acids. Complete identification and quantification of the fatty acids esterified to the glycerol backbone was accomplished by GC and GC-MS analyses of their methyl (FAME) and tert-butyl (FABE) esters, as well as their DMOX derivatives obtained from the AG fraction. Compositional data based on the quantification of both FAME and FABE are reported in Table 1 . In general, the oil appears to be formed of a higher amount of total saturated (53.9%) than unsaturated (46.1%) fatty acids. Previous studies [4, 5, [12] [13] [14] [15] of the oil composition of other Sapindaceae species showed that cis-vaccenic (C 18:1 ∆11), and paullinic (C 20:1 ∆13) acids are dominant components and characterize the family. In the case of N. lappaceum, the above two fatty acids are detectable in the AG constituents in very low amounts (1.0 and 0.6%, respectively). A considerable quantity (Table 1) of cis-11-eicosenoic acid is instead present (4.7%). As shown in Table 1 , the low quantity of eicosenoic fatty acids is, however, compensated by the presence of the saturated arachidic acid, C 20:0 (39.3%), which is the main constituent, followed by the unsaturated oleic acid, C 18:1 ∆9 (38.5%). Earlier investigations of the total fatty acid content of the oil from rambutan [6] [7] [8] indicated a composition slightly different, with with oleic acid as the main component (45 to 36%), followed by arachidic acid (35 to 33%). This might be due to the fact that earlier studies did not take into consideration the two fractions AG and CL separately, but dealt with the oil as a whole.
The isolated fraction CL was identified based on IR and NMR spectroscopic data and was shown to consist of cyanolipids of type III. The absorption band at 2225 cm -1 (CN stretching) in the IR spectrum was diagnostic for this type of CL [4, 5] . Proton and carbon resonances of this lipid fraction from N. lappaceum were consistent with previously published NMR data for CL type III isolated from Allophylus species [5] . Signals at δ 114.65 (CN), δ 5.57 (CH-CN) and at δ 98.57 (CH-CN) indicated that the compound was a cyano derivative. Moreover, the two proton resonances at δ 4.70 and 4.89 (CH 2 OCO, cis and trans methylene protons adjacent to oxygen atoms of the dihydroxybutenyl cyanide moiety, respectively) and the relative carbon resonances at δ 61.57 and 62.62 (the two carbons of the dihydroxybutenyl nitrile moiety) allowed us to identify, unambiguously, this CL fraction as 1-cyano-2-hydroxymethylprop-1-en-3-ol diesters.
Our finding on CL structural identification was in agreement with previously published results [16] describing the isolation from the seeds of N. lappaceum of three different kinds of 1-cyano- NMR spectroscopic data were confirmed by GC and GC-MS analyses. The major part of the fatty acids esterified to the nitrile moiety of CL (Table 2) is represented, similar to the AG, by arachidic (41.1%) and oleic (36.7%) acids. However, in contrast to AG, cis-vaccenic (4.8%) and eicosenoic (C 20:1 ∆13, 1.1% and C 20:1 ∆11, 7.7%) acids are present in higher yield in the CL oil fraction. CL analysis, after derivatization, allowed the identification of linoleic (1.0%) and palmitoleic (1.0%) acids as other esterified acyl chains, although the relative signals were not evident in the NMR spectrum. These results improve on the partial qualitative data previously reported on the CL esterified moieties [16] . Earlier studies [4, 5, [12] [13] [14] [15] on the seed oil composition of plants belonging to the Sapindaceae showed that they are very peculiar because of the presence of high amounts of cis-vaccenic and paullinic acids, which can serve as chemotaxonomic markers for the family. Seed lipids from N. lappaceum seem to be an exception, having the two above fatty acids in relatively low amounts compared to other plant members [4, 5, [12] [13] [14] [15] . It should, however, be noted that, although in small amounts, the rare fatty acid cis -13-eicosenoic acid (paullinic acid), is present in the seed oil of rambutan. This fatty acid has been isolated only from some Proteaceae [17] and, within the Sapindaceae, from Sapindus trifoliatus [18] , Paullinia cupana [4] and Allophylus species [5] . Moreover, in agreement with previous results from other Sapindaceae [4, 5] , our study on the fatty acid composition of N. lappaceum seed oil indicates that cis-vaccenic and eicosenoic acids are mainly incorporated in the CL component of the seed oil.
Vegetable oils are considered as potential alternative fuels for diesel engines. Seed oil from rambutan has been particularly taken into consideration for its high cetane number [7] . The detailed compositional analysis of this oil might contribute to develop new applications.
Experimental
Plant material: Seeds of Nephelium lappaceum L. were obtained from mature fruits bought at the local market.
Oil extraction and purification: Dried seeds of N. lappaceum (22.76 g) were mechanically powdered before extraction. The fine powder was extracted in a Soxhlet apparatus by refluxing with light petroleum (bp 40-60°C) for 3 h (approximately 30 cycles). Evaporation of the solvent under reduced pressure gave a whitish semisolid residue, which was further investigated for its chemical composition. The total yield of lipids amounted to 211 mg (0.93%). The oil extracted was first investigated by TLC (precoated silica gel 60 F254 aluminium plates, Merck) eluted with n-hexane:EtOAc (9:1,v:v) and, alternatively, with benzene. Visualization of the oil components was achieved with phosphomolibdic acid reagent (10% EtOH, Sigma), followed by heating at 110°C (TLC Plate Heather III; CAMAG). Individual components of the seed extract were separated by column chromatography {CC (silica gel 60 H, Merck)} by gradient elution with n-hexane:EtOAc.
Derivatization: Acylglycerols (AG) and cyanolipids (CL) from N. lappaceum were subjected to direct saponification/transmethylation according to published methods [5, 19] . Standard methyl esters of commercial fatty acids (oleic, palmitic, palmitoleic, stearic, linoleic, linolenic, erucic and eicosanoic acids) were also prepared following the same procedure. Commercial methyl esters of paullinic (cis-13-eicosenoic), cis and trans-vaccenic, and cis-11-eicosenoic acids (Sigma) were also used as reference compounds for GC and GC-MS analyses. FA tert-butyl esters and 4,4-dimethyloxazoline (DMOX) derivatives of AG and CL were synthesized, as previously described [4, 5] .
GC analysis:
A Carlo Erba HRGC 5160 gas chromatograph with a flame-ionization detector and an on-column injector was used. Hydrogen was the carrier gas; air and H 2 were adjusted to yield the optimal separation. Data were processed by a Spectra Physics SP 4290 computing integrator. Analysis of fatty acid methyl esters (FAME) and fatty acid tert-butyl esters of AG and CL from N. lappaceum, as well as their DMOX derivatives, were carried out on a DB-23 (Superchrom) fused-silica capillary column, 30 m x 0.32 mm i.d.; 0.25 μm film thickness. FAME have been analyzed using the following conditions: detector temperature 300°C; column temperature was programmed from 70°C, 10°C/min to 180°C and then up to 230°C at 3°C/min. Chromatographic conditions for the analyses of fatty acid tert-butyl esters and DMOX derivatives were as follows: 70°C, 15°C/min to 110°C and then up to 240°C at 3°C/min. Detector port was maintained at 300°C. Alternatively, FAME and fatty acid tert-butyl esters have been analyzed with a DB-5 (Superchrom) fused-silica capillary column (30 m x 0.32 mm i.d.; 0.25 μm film thickness) using the following conditions: 70°C, 15°C/min to 180°C and then up to 260°C at 5°C/min; detector temperature 300°C.
GC-MS analysis: FAME, fatty acid tert-butyl esters and 4,4-dimethyloxazoline (DMOX) derivatives were analyzed by GC-MS with a Hewlett-Packard 6890-5973 mass spectrometer interfaced with a HP Chemstation. Analytical conditions were as follows: column oven program from 70°C (4 min isothermal) to 280°C (20 min isothermal) at 20°C/min; injector, 250°C. Helium was the carrier gas (flow rate, 1mL/min). An HP-5-MS capillary column (30 m x 0.25 mm i.d.; 0.25 μm film thickness) was used. MS operating parameters were: ion source, 70 eV; ion source temperature, 230°C; electron current, 34.6 μA; vacuum, 10 -5 torr. Mass spectra were acquired over the 40-800 amu range at 1 scan/s. The ion source was operating in the electron impact mode. The samples (1 μL) were injected using the splitless sampling technique.
FT-IR:
Fourier transform infrared spectra (FT-IR) of acylglycerols and cyanolipids were recorded using NaCl cells on a Perkin Elmer Spectrum One spectrophotometer.
NMR:
Proton ( 1 H) and carbon ( 13 C) nuclear magnetic resonance spectra were recorded at 25°C on DRX400 and DRX500 Avance Bruker instruments equipped with probes for inverse detection and with z gradientaccelerated spectroscopy. Standard Bruker automation programs were used for 2D NMR experiments. 2D correlation spectroscopy (COSY) experiments were performed using COSYDFTP (double-quantum-filtered phase-sensitive COSY) and COSYGP (gradient-accelerated COSY) sequences. Inverse detected standard and long-range 1 H and 13 C heterocorrelated (HETCOR) 2D NMR spectra were obtained by using the gradient-sensitivity enhanced pulse sequences INVIEAGSSI and INV4GPLRND, respectively. CDCl 3 was used as the solvent in all the experiments. Residual 1 H and 13 C peaks of the solvent were used as internal standards to calculate chemical shifts with reference to tetramethylsilane.
